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Description 

Field of Invention 

5 The invention relates to dielectric compositions and particularly to low-firing temperature dielectric 
compositions. 

Background of the Invention 

70 Because of their high volumetric efficiency and thus their small size, multilayer ceramic capacitors 
(MLC's) are the most widely used form of ceramic capacitors. These capacitors are fabricated by stacking 
and cofiring thin sheets of ceramic dielectric on which an appropriate electrode pattern is printed. Each 
patterned layer is offset from the adjoining layers in such manner that the electrode layers are exposed 
alternately at each end of the assemblage. The exposed edges of the electrode pattern are coated with a 

75 conductive material which electrically connects all the layers of the structure, thus forming a group of 
parallel connected capacitors within the laminated structure. Capacitors of this type are frequently referred 
to as monolithic capacitors. 

The thin sheets of ceramic dielectric used for the fabrication of MLC's are comprised of a layer of finely 
divided dielectric particles which are bound together by an organic polymeric material. The unfired ceramic 

20 can be prepared by slip casting a slurry of the dielectric particles dispersed in a solution of polymer, 
piasticizer and solvent onto a carrier such as polypropylene, Mylar® polyester film or stainless steel and 
then adjusting the thickness of the cast film by passing the cast slurry under a doctor blade to form a thin 
"green tape". 

Metallizations useful in producing conductors for multilayer capacitors normally comprise finely divided 
25 metal particles applied to green tape in the form of a dispersion of such particles in an inert liquid vehicle. 
Although the above-described "green tape" process is more widely used, there are nevertheless other 
procedures with which dielectric compositions of the invention can be used to make MLC's. One technique 
is the so-called "wet process". In one aspect, this may involve passing a flat substrate through a falling 
sheet of dielectric slip one or more times to build up a dielectric layer (see Hurley et al., U S. Pat. No. 
30 3,717,487). 

Another method of making MLC's involves forming a paste of the dielectric material and then alternately 
screen printing the dielectric and metal layers with intervening drying steps until the designed structure is 
complete. A second electrode layer is then printed atop the dielectric layer(s) and the entire assemblage is 
cofired. 

35 Monolithic multilayer capacitors are typically manufactured by cofiring barium titanate based formula- 
tions and conductive electrode materials in oxidizing atmospheres at temperatures of 1200-1 400 *C. This 
process yields durable, well sintered capacitors with high dielectric constant, e.g., greater than 1000. 
However, firing under these conditions requires an electrode material with high melting point, good oxidation 
resistance at elevated temperatures, sinterability at the maturing temperature of the dielectric, and minimal 

40 tendency to interact with the dielectric at the sintering temperature. These requirements normally limit the 
choice of electrode materials to the noble metals platinum and palladium, or to alloys of platinum, palladium 
and gold. See also U.S. 3,872,360 to J. L. Sheard which is directed to the preparation of monolithic 
multilayer capacitors. 

Several attempts have been made to reduce the maturing temperature of dielectrics by the use of 
45 "sintering aids". Additions of bismuth oxide or bentonite to barium titanate lowers the maturing temperature 
to about 1200* C. (Nelson et al. U. S. Pat. No. 2,908,579). Maturing temperatures of 1200*-1290 # C may be 
attained by addition of phosphates to titanates as described in Thurnauer et al. U.S. Pat. No. 2,626,220. 
However, in each of these cases, the decrease in maturing temperature is not sufficient to permit the use of 
cofired silver electrodes, and dielectric properties are often degraded. 
50 Another technique for lowering the sintering temperature of titanate-based dielectrics is by mixing high 
temperature ferroelectric phases (titanates, zirconates, etc.) with glasses which mature at relatively low 
temperatures. Examples of this approach are given in Maher U.S. Pat. No. 3,619,220, Burn U.S. Pat. No. 
3,638,084, Maher U.S. Pat. No. 3,682,766, and Maher U.S. Pat. No. 3,811,937. The drawback of this 
technique is that the dilution effect of the glass often causes the dielectric constant of the mixture to be 
55 relatively low. 

Bouchard has very successfully approached the problem of dielectric compositions having low firing 
temperatures and dielectric constants as high as 6000 for use in Z5U-type capacitors by the use of lead- 
based dielectrics instead of barium titanate. These substituted lead titanate compositions correspond to the 
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following formula: 

(Sr x Pbi. x Ti03) a (PbMg r W s 0 3 )b, wherein 
5 x * 0-0.10 r = 0.45-0.55 

0. 55-0.45 

1, and 



Such materials are disclosed in U.S. Patents 4,048,546. 4,063,341 , and 4,228,482, all to Bouchard. 
75 More recently, Thomas in U.S. continuing patent application S.N. 713,099, filed March 18, 1985 and 
allowed September 12, 1985, has improved upon the Bouchard dielectric compositions to make them more 
suitable for Z5U-type service. In these, the Bouchard compositions are doped with small amounts of 
transition metal oxides and zirconates and stannates of cadmium and zinc. 

Notwithstanding the substantial progress toward attaining higher dielectric constants, the electronics 
20 industry foresees the need for dielectric compositions with low PbO contents (i.e. <10% wt.) having still 
higher dielectric constants (K) on the order of 8000 and even higher, which nevertheless can still be used 
with conventional silver-containing electrodes such as 30/70 palladium/silver electrodes. 

Brief Description of the Invention 

The invention is therefore directed in its primary aspect to a composition for forming a densified 
dielectric body at low firing temperatures comprising a mixture of finely divided particles of: 

(a) BaTiOs, 

(b) A(Zn 1/3 Nb^)0 3 , 

(c) A Curie point shifter selected from BaZr0 3 , PbZrC>3, BaSn03, PbSn03 and mixtures thereof, 

(d) a manganese-doped zinc borate flux (F) and/or oxide precursors thereof, 
the proportions of (a) - (d) being substantially equivalent stoichiometrically to the formula: 
(lOO-X-YJKBavxPbxXTiHu+^ZruSrivJOs] + X[A(Zn 1/3 Nb2/3)0 3 ] + Y[F], wherein A is selected from Pb, Ba and 
mixtures thereof. 



X = 


2.5 to 


1 1 .5% by weight, 


Y = 


1.0 to 


5.0% by weight, 


u = 


Oto 


0.125, 


v = 


Oto 


0.125, 


X = 


Oto 


0.125, and 


u + v = 


0.015 to 


0.125. 



In these compositions, the metal zinc niobate acts both as a fluxing additive and as a Curie point 
45 depressant for the BaTi0 3 . This latter behavior is quite unexpected since lead zinc niobate, for example, 
has a Curie temperature of 140* C which is higher than the Curie temperature of BaTiC>3. 

In a secondary aspect, the invention is directed to a method for forming a monolithic capacitor 
comprising the sequential steps of (1) applying a layer of conductive electrode material dispersed in organic 
medium to each of a plurality of layers of the green tape made from the above-described composition; (2) 
so laminating a plurality of the electrode-layered green tapes to form an assemblage of alternating layers of 
green tape and electrode material; and (3) firing the assemblage of step (2) at 1 000-11 50 *C to remove the 
organic medium and organic binder therefrom and to sinter the conductive electrode material and the 
dielectric material. 

In a third aspect, the invention is directed to a ceramic capacitor comprising a dielectric ceramic body 
55 having a dielectric constant of at least 8,000 and at least two spaced metal electrodes in contact with the 
ceramic body which consists essentially of the above-described composition which has been fired at 1000- 
1 150* C to effect densification of the dielectric solids and sintering of the metal electrodes. 



a 
b 

Z(a + b) 



C. 35-0.5 
« 0.5-0.65 
- 1. 
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In a fourth aspect, the invention is directed to a tape casting composition comprising the above- 
described dielectric composition dispersed in a solution of binder polymer in a volatile nonaqueous solvent. 

In a fifth aspect, the invention is directed to a method of forming green tape by casting a thin layer of 
the above-described dispersion onto a flexible substrate, such as a steel belt or polymeric film, and heating 
5 the cast layer to remove the volatile solvent therefrom. 

In a sixth aspect, the invention is directed to screen-printable thick film compositions comprising the 
above-described dielectric composition dispersed in organic medium. 

Prior Art 

70 

U.S. 4,266,265 to Maher is directed to a method of making ceramic capacitors in which the precursor 
dielectric powders are mixtures of alkaline earth metal titanates and cadmium silicates. The alkaline earth 
metal titanates include barium-lead-titanate and barium-lead-titanate-zirconate which can be doped with 
donor atoms such as Bi, Nb, Ta, Sb, W, La and U. The materials are fired at 1100* C. 

75 U.S. 4,283,753 to Burn is directed to ceramic capacitors having dielectric constants of at least 5,000 
which are comprised of BaTiOs doped with (a) large divalent ions selected from Ba, Pb, Sr and Ca; (b) 
small tetravalent ions selected from Ti, Zr, Sn and Mn; (c) donor ions capable of having greater than +4 
valence selected from Bi, Nb, Sb, Ta, W and Mo; (d) charge compensating acceptor ions selected from Cd, 
Zn, Cu, Li and Na; and (e) glass-forming ions selected from B, Si, Ge, P and V. These materials, which are 

20 said to have dielectric constants of over 5,000, are fired at about 1100* C to effect densification. * 

U.S. 4,335,216 to Hodgkins et al. is directed to dielectric ceramic compositions which are fired at 1000- 
1150*C in which the precursor dielectric powders are a mixture of BaT)0 3 , SrTi0 3 , BaZr0 3 , TiCk and 
Mn02 mixed with a glass frit comprising ZnO, SiCfe. B 2 0 3 , PbO, Bi 2 0 3 and CdO. The compositions are 
used to make multilayer ceramic capacitors. 

25 U.S. 4,379,854 to Soong is directed to a dielectric composition comprising finely divided particles of 
BaTi0 3 , SrZrOs, which function as a Curie point shifter, and ZnO and B2O3 which are flux powders. The 
materials are fired at 1000-1150* C. 

U.K. 2125028A to Nishioka et al. is directed to dielectric ceramic compositions sinterable at 1050- 
1200*C comprising (a) 100 parts by weight of a main component corresponding to the formula (Ba 10t Mex) 

30 OVyMex-fe in which Me is is Ca and/or Sr and Me' is Zr and/or Sn, and 5-15 parts by weight, basis (a) of a 
secondary component (b) which is a mixture of 65-90% PbTiOa, 1-10% PbsGe 3 Oii and 1-30% BiTfcCV 
The materials are fired at 1050-1 360 *C. 

Detailed Description of the Invention 

35 

A. Dielectric Materials 

The BaTi0 3 component of the composition of the invention is commercially available in appropriate 
particle sizes. For the purpose of the invention, it is essential that the BaTi0 3 , as well as the other dielectric 
40 materials, have an average particle size of no more than 2.0 urn and preferably no more than 1 .5 urn. An 
average particle size of 0.4-1.1 urn is still further preferred. On the other hand, when the average particle 
size of the solids is below about 0.1 urn, the particles become difficult to handle and are therefore less 
suitable. 

The other oxide components, i.e., the metal zinc niobate, the Curie point shifter and the flux, can be 
45 readily made by admixing finely divided particles of the appropriate oxides or their precursors and firing 
them in air. In the case of the metal zinc niobate and the Curie point shifter, the compounds are formed by 
firing at 800-1 000 ' C for about 5 hours which is sufficient time and temperature to get complete reaction of 
the component oxides, yet avoid excessive sintering and too large particle size. By the term "precursor" is 
meant compounds which upon firing in air are converted to metal oxides. These include hydrates, 
50 carbonates, hydroxides, nitrates, oxalates and alkoxides. 

Suitable fluxes are zinc borates in which the ratio of ZnO to B2O3 is 2:1 to 4:1 and mixtures and 
precursors thereof. Further suitable are compositions in whic c. is a mixture of PbZr0 3 and BaZr0 3 and d. 3 
ZnO'B2 0 3 . 

In accordance with well-known glass-making practice, it will be understood that up to 50 mole % of the 
55 B2 0 3 can be replaced by SiCb, GeOz. Al 2 0 3 or mixtures thereof. 

The fluxes used in the examples were prepared by calcining a mixture of ZnO, boric acid and MnCOs 
at 700* C for 18 hours and then milling. 



4 



EP 0 200 200 B1 



The composition may further contain 0.05 to 0.5% wt. manganese oxide as Mn0 2 , BaMn0 3 or 
precursors thereof. 

B. Green Tape Casting Solution 

5 

As mentioned above, green tapes of the dielectric composition of the invention are made by casting a 
dispersion of the dielectric material in a solution of polymeric binder and volatile organic solvent onto a 
flexible substrate, such as a steel belt or polymeric film, and then heating the cast layer to remove the 
volatile solvent therefrom. 

10 The organic medium in which the ceramic solids are dispersed consists of the polymeric binder which 
is dissolved in a volatile organic solvent and, optionally, other dissolved materials such as plasticizers, 
release agents, dispersing agents, stripping agents, antifouling agents and wetting agents. 

To obtain better binding efficiency, it is preferred to use at least 5% wt. polymer binder for 95% wt. 
ceramic solids. However, it is further preferred to use no more than 20% wt. polymer binder in 80% wt. 

is ceramic solids. Within these limits, it is desirable to use the least possible amount of binder vis-a-vis solids 
in order to reduce the amount of organics which must be removed by pyrolysis. 

In the past, various polymeric materials have been employed as the binder for green tapes, e.g., poly- 
vinyl butyral), polyvinyl acetate), polyvinyl alcohol), cellulosic polymers such as methyl cellulose, ethyl 
cellulose, hydroxyethyl cellulose, methylhydroxyethyl cellulose, atactic polypropylene, polyethylene, silicon 

20 polymers such as poly(methy! siloxane), poly(methylphenyl siloxane), polystyrene, butadiene/styrene 
copolymer, polystyrene, polyvinyl pyrollidone), polyamides, high molecular weight polyethers, copolymers 
of ethylene oxide and propylene oxide, polyacrylamides, and various acrylic polymers such as sodium 
polyacrylate, poly(lower alkyl acrylates), poly(lower alkyl methacrylates) and various copolymers and 
multipolymers of lower alkyl acrylates and methacrylates. Copolymers of ethyl methacrylate and methyl 

25 aery late and terpolymers of ethyl aery late, methyl methacrylate and methacrylic acid have been previously 
been used as binders for slip casting materials. 

More recently, Usala, in U.S. divisional patent application Serial No. 737,549 filed May 24, 1985, has 
disclosed an organic binder which is a mixture of compatible multipolymers of 0-100% wt. C1-8 alkyl 
methacrylate, 100-0% wt. Ci-a alkyl aery late and 0-5% wt. ethylenically unsaturated carboxylic acid or 

30 amine, the multipolymer being further characterized as having a number average molecular weight (M n ) of 
50,000-100,000 a weight average molecular weight (M w ) of 150,000-350,000, the ratio of M w to M n being no 
greater than 5.5, the total amount of unsaturated carboxylic acid or amine in the multipolymer mixture is 
0.2-2.0% wt. and the glass transition temperature of the polymer and plasticizer therein, if any, is -30 to 
+ 45' C. 

35 Because the polymers permit the use of minimum amounts of binder and maximum amounts of 
dielectric solids, their use is preferred with the dielectric composition of this invention. Preferred for the alkyl 
methacrylate is ethyl methacrylate and methyl aery late for the alkyl aery late. Furthermore, the ethylenically 
unsaturated carboxylic acid is a monocarboxylic acid selected from the group consisting of acrylic acid, 
methacrylic acid and mixtures thereof. 

40 The solvent component of the casting solution is chosen so as to obtain complete solution of the 
polymer and sufficiently high volatility to enable the solvent to be evaporated from the dispersion by the 
application of relatively low levels of heat at atmospheric pressure. In addition, the solvent must boil well 
below the boiling point and decomposition temperature of any other additives contained in the organic 
medium. Thus, solvents having atmospheric boiling points below 1 50 • C are used most frequently. Such 

45 solvents include benzene, acetone, xylene, methanol, ethanol, methyl ethyl ketone, 1,1,1-trichloroethane, 
tetrachloroethylene, amyl acetate, 2,2,4-triethyl pentanediol-1 ,3-monoisobutyrate, toluene and methylene 
chloride. 

Frequently, the organic medium will also contain a small amount, relative to the binder polymer, of a 
plasticizer which serves to lower the glass transition temperature (Tg) of the binder polymer. However, the 

so use of such materials should be minimized in order to reduce the amount of organic materials which must 
be removed when the films cast therefrom are fired. The choice of plasticizers is, of course, determined 
primarily by the polymer which must be modified. Among the plasticizers which have been used in various 
binder systems are diethyl phthalate, dibutyl phthalate, octyl phthalate, butyl benzyl phthalate, alkyl 
phosphates, polyalkylene glycols, glycerol, polyethylene oxides), hydroxyethylated alkyl phenol, dialkyl- 

55 dithiophosphonate and poly(isobutylene). Of these, butyl benzyl phthalate is most frequently used in acrylic 
polymer systems because it can be used effectively in relatively small concentrations. 
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C. Thick Him Paste 

Often it may be desired to apply the compositions of the invention as a thick film paste by such 
techniques as screen printing. When the dispersion is to be applied as a thick film paste, conventional thick 

5 film organic media can be used with appropriate rheological adjustments and the use of lower volatility 
solvents. In this event, the compositions must have appropriate viscosity so that they can be passed 
through the screen readily. In addition, they should be thixotropic in order that they set up rapidly after 
being screened, thereby giving good resolution. While the rheological properties are of primary importance, 
the organic medium is preferably formulated also to give appropriate wettability of the solids and the 

70 substrate, good drying rate, dried film strength sufficient to withstand rough handling and good firing 
properties. Satisfactory appearance of the fired composition is also important. 

In view of all these criteria, a wide variety of inert liquids can be used as organic medium. The organic 
medium for most thick film compositions is typically a solution of resin in a solvent and frequently, a solvent 
solution containing both resin and thixotropic agent. The solvent usually boils within the range of 130- 

75 350 *C. 

Especially suitable resins for this purpose are polymethacrylates of lower alcohols and monobutyl ether 
of ethylene glycol monoacetate. 

The most widely used solvents for thick film applications are terpenes such as alpha- or beta-terpineol 
or mixtures thereof with other solvents such as kerosene, dibutylphthalate, butyl carbitol, butyl carbitol 
20 acetate, hexylene glycol and high boiling alcohols and alcohol esters. Various combinations of these and 
other solvents are formulated to obtain the desired viscosity and volatility requirements for each application. 

Among the thixotropic agents which are commonly used are hydrogenated castor oil and derivatives 
thereof. It is, of course, not always necessary to incorporate a thixotropic agent since the solvent/resin 
properties coupled with the shear thinning inherent in any suspension may alone be suitable in this regard. 
25 The ratio of organic medium to inorganic solids in the dispersions can vary considerably and depends 
upon the manner in which the dispersion is to be applied and the kind of organic medium used. Normally, 
to achieve good coverage, the dispersions will contain complementally by weight 60-90% solids and 40- 
10% organic medium. Such dispersions are usually of semifluid consistency and are referred to commonly 
as "pastes". 

30 The pastes are conveniently prepared on a three-roll mill. The viscosity of the pastes is typically within 
the following ranges when measured at room temperature on Brookfield viscometers at low, moderate and 
high shear rates: 



35 



40 



Shear Rate (S _1 ) 


Viscosrtv (Pa.s) 


0.2 


100-5000 
300-2000 
600-1500 


Preferred 
Most preferred 


4 


40-400 
100-250 
140-200 


Preferred 
Most preferred 


384 


7-40 
10-25 
12-18 


Preferred 
Most preferred 



The amount and type of organic medium (vehicle) utilized is determined mainly by the final desired 
formulation viscosity and print thickness. 

D. Capacitor Processing 

As described above, many multilayer capacitors are fabricated by printing on electrode metallization in 
the desired pattern upon a dielectric substrate which is a green tape. The printed dielectric substrates are 
stacked, laminated and cut to form the desired capacitor structures. The green dielectric material is then 
fired to effect removal of the organic medium from the electrode material and of the organic binder from the 
dielectric material. The removal of these materials is accomplished by a combination of evaporation and 
thermal decomposition during the firing operation. In some instances it may also be desirable to interpose a 
preliminary drying step prior to firing. The thickness of the unfired green tape is typically 30.5-33.0 u.m (1 .2- 



6 



EP 0 200 200 B1 



1.3 mils) and upon firing the thickness becomes 22.9-254 urn (0.9-1.0 mil). 

When firing the above-described capacitor assemblages, it is preferred to employ a first firing step in 
which the assemblage is heated slowly to 100-550* C, which will be effective to remove all of the organic 
material without damage to the laminated assemblage. Typically the organic burnout period is 18-24 hours 
s to assure complete removal of organics. When this has been completed, the assemblage is then heated 
more rapidly to the desired sintering temperature. 

The desired sintering temperature is determined by the physical and chemical characteristics of the 
dielectric material. Ordinarily the sintering temperature will be chosen to obtain maximum densification of 
the dielectric material. For the dielectric compositions of this invention, the temperature will range from 1000 
70 to 1150*C. However, it will be recognized by those skilled in the art of fabricating capacitors that maximum 
densification is not always needed. Therefore, the term "sintering temperature" refers to the temperature 
(and implicitly the amount of time as well) to obtain the desired degree of densification of the dielectric 
material for the particular capacitor application. Sintering times also vary with the dielectric composition but 
ordinarily on the order of two hours at the sintering temperature is preferred. 
75 Upon completion of sintering, the rate of cooling to ambient temperature is carefully controlled in 
accordance with resistance of the components to thermal shock. 

The following properties which are relevant to the ability of a given capacitor to function properly are 
referred to in the examples. 

20 E. Test Procedures 

Capacitance 



Capacitance is a measure of the capability of a material to store an electrical charge expressed 
25 mathematically, C = KAN divided by t, where K is dielectric constant, A equals area overlap of electrodes, 
N is number of dielectric layers, and t is thickness of dielectric layer. 

The units of capacitance are farads (F) or fractions thereof such as microfarads (uF, 10~ 6 farad), 
nanofarads (nF, 10~ 9 farad) or picrofarads (pF, 10~ 12 farad). 

30 Dissipation Factor 

Dissipation factor (DF) is a measure of the phase difference between voltage and current. In a perfect 
capacitor the phase difference would be 90 ' . However, in practical dielectric systems, this phase difference 
is less than 90' by an amount a because of leakage and relaxation losses. In particular, DF is the tangent 
35 of the angle a. 

Insulation Resistance 

Insulation Resistance (IR) is a measure of the ability of a charged capacitor to withstand leakage in DC 
40 current. Insulation resistance expressed as ohm.farads (nF) is a constant for any given dielectric regardless 
of capacitance. 

The following examples and comparative showings are presented to illustrate the advantage of the 
present invention. In the examples and elsewhere in the specification and claims, all parts, percentages, 
proportions, etc., are by weight, unless otherwise stated. 

45 

EXAMPLES 

Example 1 - Preparation of Materials 
so A. Barium Titanates 

The barium titanates were commercial materials. Fuji HPBT-1 was used mainly but good results were 
obtained with an alternate material (219-6) from the Transelco Division of Ferro Corporation. Typical particle 
size distributions as determined with a Leeds and Northrup particle size analyzer (Microtrac) are given 
55 below: 
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Dio 




Oso (urn) 


Fuji HPBT-1 
Transelco 219-6 


0.31 
0.42 


0.53 
0.94 


0.93 
2.35 



B. Lead Zinc Niobate 

The lead zinc niobate was prepared by first ballmilling 65.9% PbO, 26.1% ND2O5 and 8.0% ZnO (parts 
by weight) in isopropanol or other liquid for 5 hours with Zr02 media. When dried, the mixed powders were 
calcined at 800* C for 5 hours, and then ballmilled 16 hours to give a typical particle size (D50) of 0.9 urn. 

C. PbZrOa or PbSnOs 

These additives were prepared by milling and calcining stoichiometric amounts of PbO with Zr02 or 
SnCb under the same conditions as those used for the lead zinc niobate. Particle sizes (D& 0 ) were typically 
0.7 to 1.0 urn. 

D. BaZrCb or BaSn0 3 

These were commercial powders. The BaSn0 3 (Transelco) was used as received, whereas the BaZrOa 
was premilled. Typical particle sizes were 0.9 to 1.1 urn. 

E. Frit/Flux 

Details of the preparation of the fluxes used in the invention are given in the examples which follow. 

Ceramic tape was made by casting a milled slurry consisting of 66.0 g binder solution (Du Pont 5200) 
to the following mixtures of powders: 80.0 BaTiOs (Fuji HPBT-1), 12.50 PDSn0 3 , 3.82 PbfZn^Nb^Os, 
2.50 BaSn0 3 , and 1.50 manganese-doped zinc borate frit. The zinc borate frit consisted of 74.83% ZnO, 
21.35% B2 0 3 and 3.82% MnC0 3 and was made by calcining a mixture of ZnO, boric acid, and MnC0 3 at 
700 *C for 18 hours and then milling to a particle size less than 2 urn. The ceramic tape was cut and 
laminated into plates approximately 1.02 cm x 1.02 cm x 0.064 cm (0.4 x 0.4 x 0.025"). Following a bakeout 
step in air at 750 *C to remove the organic binder, these plates were fired in a closed alumina crucible at 
1100*C for 2.5 hours. After firing, the plates were electroded with silver paste (Du Font 6730) before 
measuring dielectric properties at 1 kHz and 1.0 volt. The Curie temperature was 35 *C and the dielectric 
constant was 8400±500 with DF = 1.2%. 

Examples 2, 3 and 4 

Ceramic tapes were made with the following ceramic composition (in parts by weight): 82.0 BaTi0 3 - 
(HPBT-1), 6.0 Pb(Zn 1/3 Nb2^)0 3 , 5.5 PbZrOs and 5.0 BaZr0 3 , to which varying amounts of zinc borate frit 
were added. The zinc borate frit was made from a mixture of 45.4 wt. % ZnO, 23.0 wt. % boric acid, 11.7 
wt. % MnC0 3 and 20.0 wt. % BaC0 3 which was calcined 5 hours at 700 *C and then milled to a particle 
size of 1.25 urn. In these examples, BaC0 3 was added with the MnCOs to maintain cation stoichiometry 
relative to the BaTiOs. Multilayer ceramic capacitors were made with 25.4 urn 3 (1.0 mil) dielectric layers 
and 30 Pd-70 Ag electrodes for frit levels of 1.25, 1.50 and 1.75 wt. %. These capacitors were fired as in 
the previous examples with the following results: 



Example 


Frit Level (wt. %) 


K 


DF(%) 


Curie Temp. (*C) 


IR (QF) 


2 


1.25 


9800 


1.70 


10 


14,000 (max)* 


3 


1.50 


8300 


1.35 


10 


9,500 


4 


1.75 


8100 


1.35 


10 


4,000 



55 *IR was variable, indicating marginal densification 
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Example 5 

Plate capacitors were made as in Example 1 but with the following composition: 87.0 BaTi0 3 (HPB-T), 
11.5 Pb(Zn 1/3 Nb2^)03 and 1.5 zinc borate frit, which was the same as that used in Example 2. When fired 
5 as in the previous examples, the Curie temperature was 35 °C and the dielectric constant at 25 *C was as 
high as 7600, with DF = 0.8%. This composition had marginal dielectric constant for the application of this 
invention. 



COMPOSITION SUMMARY 


Example 


X (wt. %) 


x (mol) 


Y (wt. %) 


u (mol) 


v (mol) 


Mn0 2 wt. % 


1 


3.9 


0.087 


1.52 




0.108 


0.043 


2 


6.1 


0.041 


1.27 


0.088 




0.13 


3 


6.1 


0.041 


1.52 


0.088 




0.16 


4 


6.1 


0.041 


1.78 


0.088 




0.19 


5 


11.7 




1.52 






0.16 



20 Example 6 

MLC capacitors were made with the same basic ceramic composition as Example 2 and by the same 
method except that Transelco 219-6 barium titanate was used instead of HPBT-1 and a few drops of acetic 
acid were added to the ceramic slip to improve dispersion. Experiments were carried out with 1.25 and 
25 1 .50% frit only. The capacitors were fired as described previously and had the following electrical results. 





1.25% Frit 


1.50% Frit 


Capacitance (uF) 


0.076 


0.075 


DF (1 Volt) 


1.2 


1.1 


K 


9000±500 


8800±200 


Curie Temp. (*C) 


5 


5 


IR (DF) 


15,000 


8,500 



Examples 7-1 2 

Two further compositions were made by the procedure of Example 2 and each was fired at three 
different temperatures to observe the effect of sintering temperature on electrical properties. The composi- 
tion and properties of these materials are given in Table 1 below. 
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Table 1 



Example No. 


7 


8 


9 


Composition of Materials 








Fuji HPBT-1. % vt. 


83.0 


83.0 


83.0 


BaZr0 3 


4.0 


4.0 


4.0 


Lead Zinc Niobate 


6.0 


6.0 


6.0 


PbZr0 3 


5.5 


5.5 


5.5 


Frit 


1.5 


1.5 


1.5 


r il him x ciupe £ a til Z e , \+ 


1107 


1093 


107 9 


ciectricai properties 








K 


10,000 


9.200 


9.100 


DF. * 


1.5 


1.1 


1.3 


Table 1 


(continued) 




Example No. 


10 


11 


12 


Composition of Materials 








Fuji HPBT-1. % vt. 


82.5 


82.5 


82.5 


BaZr0 3 


4.5 


4.5 


4.5 


Lead Zinc Niobate 


6.0 


6.0 




Pbzr0 3 


5.5 


5.5 


5.5 


Frit 


1.5 


1.5 


1.5 


Firina Temperature. °C 


1107 


1093 


1079 


Electrical Properties 








K 


10.300 


9.000 


8.700 


DF. X 


1.2 


1.1 


1.0 



The dielectric constant as well as the DF value of the dielectric tended to be reduced as the sintering 
temperature was lowered. 

55 Example 13 

The use of barium zinc niobate in the invention is illustrated by the example in which 200 g of BaCCb 
were ballmilled for 5 hours in isopropanol with 98.80 g of ND2O5 and 30.24 g ZnO. After being dried, the 
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mixed powder was calcined at 1000 # C for 5 hours in a high purity alumina crucible. It was then milled with 
Zr0 2 balls to a particle size (D50) of 0.81 um. 

Multilayer ceramic capacitors were made as in the previous examples with electrodes of 30% Pd-70% 
Ag. The ceramic composition was as follows: 82.25 wt. % BaTi03 (Fuji HPBT-1), 11.0 wt. % PbZr0 3 , 4.5 
5 wt. % Ba(Zn 1/3 Nb2/3)03 and 1.25 wt. % of the Mn-doped zinc borate flux used in Example 2. When fired as 
in the previous examples, the Curie temperature was 25 * C and the dielectric constant was 9600 with DF = 
3.0%. Insulation resistance exceeded 10,000 QF. 

Claims 

10 

1. A composition for forming a densified dielectric body at low firing temperatures comprising a mixture of 
finely divided particles of: 

a. BaTiOs, 

b. A(Zn 1/3 Nb^)03, 

?5 c. A Curie point shifter selected from BaZr0 3> PbZrOs, BaSn0 3 , PbSn0 3 and mixtures thereof, 

d. a manganese-doped metal borate flux (F) selected from zinc borates in which the ratio of ZnO to 
B 2 0 3 is 2:1 to 4:1 and mixtures and oxide precursors thereof, 
the proportions of a. - d. being substantially equivalent stoichiometrically to the formula: 

20 (100-X-Y)[(Ba l . x Pb x )(Ti l . (u + v) Zr u Sn v )O 3 ] + X[A(Zn 1/3 Nb2*)0 3 ] + Y[F], 

wherein A is selected from Pb, Ba and mixtures thereof. 



X = 


2.5 to 


11.5% by weight, 


Y = 


1.0 to 


5.0% by weight, 


u = 


Oto 


0.125, 


v = 


Oto 


0.125, 


X = 


Oto 


0.125, and 


u + v = 


0.015 to 


0.125. 



2. The composition of claim 1 which contains additionally 0.05-0.5% wt. manganese oxide as Mn02, 
BaMn0 3 or precursors thereof. 

35 

3. The composition of claim 1 in which c. is a mixture of PbZr0 3 and BaZr0 3 , and d. is 3ZnO.B2 0 3 . 

4. The composition of claim 3 in which up to 50 mole % of the B 2 0 3 is replaced by Si0 2 , Ge0 2 , Al 2 0 3 or 
mixtures thereof. 

40 

5. A dielectric composition consisting essentially of the composition of claim 1 which has been fired in air 
at 1000-1150" C to effect sintering of the particles and densification of the mixture. 

6. The composition of claim 1 in which the mixture of finely divided solids is dispersed in an organic 
45 medium comprising a polymeric binder dissolved in organic solvent. 

7. The composition of claim 6 in which the organic solvent is a volatile nonaqueous solvent and the 
dispersion is of castable consistency. 

so 8. The composition of claim 7 in which the polymeric binder is a mixture of compatible polymers of 0- 
100% wt. C1-8 atkyl methacrylate, 100-0% wt. C1-8 alkyl acrylate and 0-5% ethylenicaHy unsaturated 
carboxylic acid or amine, the multipolymer being further characterized as having a number average 
molecular weight (M n ) of 50,000-100,000 a weight average molecular weight (M*) of 150,000-350,000, 
the ratio of to M n being no greater than 5.5, the total amount of unsaturated carboxylic acid or 

55 amine in the multipolymer mixture is 0.2-2.0% wt. and the glass transition temperature of the polymer 
and plasticizer therein, if any, is -30 to + 45 • C. 
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9. The composition of claim 8 in which the alky I methacrylate is ethyl methacrylate and the alky I aery late 
is methyl acrylate. 

10. The composition of claim 8 in which the ethylenically unsaturated carboxylic acid is a monocarboxylic 
5 acid selected from the group consisting of acrylic acid, methacrylic acid and mixtures thereof. 

11. A dielectric green tape comprising a layer of the composition of claim 7 from which the volatile solvent 
has been removed. 

io 12. A method for forming a monolithic capacitor comprising the sequential steps of (1) applying a layer of 
conductive electrode material dispersed in organic medium to each of a plurality of layers of the green 
tape of claim 11; (2) laminating a plurality of the electrode-layered green tapes to form an assemblage 
of alternating layers of green tape and electrode material; and (3) firing the assemblage of step (2) at 
1000-1150" C to remove the organic medium and organic binder therefrom and to sinter the conductive 

75 electrode material and the dielectric material. 

13. The composition of claim 1 in which the organic solvent is a solution comprising a resin and thixotropic 
agent dissolved in a solvent having a boiling point of 1 30-350 'C and the dispersion is of paste 
consistency suitable for screen printing. 

20 

14. A ceramic capacitor comprising a dielectric ceramic body having a dielectric constant of at least 8,000 
and at least two spaced metal electrodes in contact with the ceramic body which consists essentially of 
the composition of claim 1 which has been fired at 1 000-11 50 'C to effect densification of the dielectric 
solids and sintering of the metal electrodes. 

25 

PatentansprUche 

1. Zusammensetzung zur Bildung eines verdichteten dielektrischen Korpers bei niedrigen Brenn-Tempe- 
raturen umfassend eine Mischung fein verteilter Teilchen von: 
30 a. BaTi0 3 , 

b. A(Zn 1 /3Nb 2 ^)03, 

c. A Curiepunkt-Verschieber, ausgewahlt aus BaZr(>3, PbZr03, BaSn03, PbSnCb und Gemischen 
derselben, 

d. ein Mangan-dotiertes Metallborat-Flu/Jmittel (F), ausgewahlt aus Zinkboraten, in denen das 
35 Verhaltnis von ZnO zu B2O3 2:1 bis 4:1 ist und Gemische und Oxidvorlaufer davon, 

wobei die Anteile von a. bis d. im wesentlichen stochiometrisch Equivalent mit der Formel sind: 

(lOO-X-YJKBaLxPbOfriHu.vjZruSnvPs] + XfAfZn^Nb^JOs] + Y[F], 
40 worin A aus Pb, Ba und Gemischen daraus ausgewahlt ist. 



X = 


2,5 


bis 11,5 Gew.-%, 


Y = 


1.0 


bis 5,0 Gew.-%, 


u = 


0 


bis 0,125, 


V = 


0 


bis 0,125, 


X = 


0 


bis 0,125 und 


u + v = 


0,015 


bis 0,125. 



50 

2. Zusammensetzung nach Anspruch 1, die zusatzlich 0,05 bis 0,5 Gew.-% Manganoxid, als Mn02, 
BaMn03 Oder deren Vorlaufer entharl. 

3. Zusammensetzung nach Anspruch 1, in der c. ein Gemisch aus PbZr03 und BaZr03 und d. 
55 3ZnO*B2 0 3 ist. 

4. Zusammensetzung nach Anspruch 3, in der bis zu 50 Mol-% des B2O3 durch Si02, GeC>2, AI2 03 Oder 
Gemischen derselben ersetzt sind. 
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5. Dielektrische Zusammensetzung, im wesentlichen bestehend aus der Zusammensetzung nach An- 
spruch 1, die in Luft bei 1000 - 1150 'C gebrannt wurde, urn das Sintern der Teilchen und das 
Verdichten des Gemisches zu bewirken. 

5 6. Zusammensetzung nach Anspruch 1, in der das Gemisch aus fein verteilten Feststoffen in einem 
organischen Medium dispergiert ist, das einen polymeren Binder umfaflt, der in dem organischen 
Losungsmittel gelost ist. 

7. Zusammensetzung nach Anspruch 6, in der das organische Losungsmittel ein flOchtiges, nicht 
70 waBriges Losungsmittel und die Dispersion von giefibarer Konsistenz ist. 

8. Zusammensetzung nach Anspruch 7, in der der polymere Binder ein Gemisch aus vertraglichen 
Polymeren von 0-100 Gew.-% Ci- 8 Alkylmethacrylat, 100-0 Gew.-% Ci- 8 Alkylacrylat und 0-5% 
ethylenische ungesattigter Carbonsaure Oder Amin ist, wobei das Multipolymer weiterhin dadurch 

75 gekennzeichnet ist, dai es ein Zahlenmittel des Moiekulargewichts (M n ) von 50 000-100 000, ein 
Gewichtsmittel des Moiekulargewichts (M w ) von 150 000 - 350 000 hat, wobei das Verhaltnis von M w zu 
M n nicht grojSer als 5,5 ist, die Gesamtmenge an ungesattigter Carbonsaure oder Amin in dem 
multipolymeren Gemisch 0,2-2,0 Gew.-% ist und die Einfriertemperatur des Polymers und des darin 
befindlichen Weichmachers, falls vorhanden, -30 bis + 45 * C ist. 

20 

9. Zusammensetzung nach Anspruch 8, in dem das Alkylmethacrylat Ethylmethacrylat und das Alkylacry- 
lat Methylacrylat ist. 

10. Zusammensetzung nach Anspruch 8, in dem die ethylenisch ungesattigte Carbonsaure eine Monocar- 
25 bonsaure ist, ausgewahlt aus der Gruppe bestehend aus Acrylsaure, Methacrylsaure und deren 

Gemischen. 

11. Dielektrisches grunes Band, umfassend eine Schicht der Zusammensetzung nach Anspruch 7, von 
dem das fluchtige Losungsmittel entfernt wurde. 

30 

12. Verfahren zur Bildung eines monolithischen Kondensators, umfassend die nachelnanderfolgenden 
Schritte des 

(1) Anbringens einer Schicht aus einem leitenden Elektrodenmaterial, das in einem organischen 
Medium dispergiert ist, an jede der zahlreichen Schichten des grOnen Bandes nach Anspruch 1 1 ; 
35 (2) Laminierens einer Vielzahl der elektroden-geschichteten grtinen Bander, urn einen Aufbau aus 

abwechselnden Schichten aus grunem Band und Elektrodenmaterial zu bilden; und 
(3) Brennens des Aufbaus aus Schritt (2) bei 1000-1150 *C, urn das organische Medium und den 
organischen Binder daraus zu entfernen und das leitende Elektrodenmaterial und das dielektrische 
Material zu sintern. 

40 

13. Zusammensetzung nach Anspruch 1, in der das organische Losungsmittel eine Losung ist, die ein Harz 
und ein thixotropes Mittel, das in einem Losungsmittel mit einem Siedepunkt von 130-350 *C gelost 
ist, umfaflt, und die Dispersion von pastoser Beschaffenheit ist, die sich zum Siebdruck eignet. 

45 14. Keramik-Kondensator, umfassend einen dielektrischen Keramik-Korper mit einer DielektrizitStskonstan- 
ten von wenigstens 8 000 und wenigstens zwei raumlich getrennten Metallelektroden, die mit dem 
Keramik-Korper in Beruhrung stehen, der hauptsachlich aus der Zusammensetzung nach Anspruch 1 
besteht, die bei 1000-1150 'C erhitzt wurde, urn Verdichtung der dielektrischen Feststoffe und Sintern 
der Metallelektroden zu bewirken. 

50 

Revendlcatlons 

1. Une composition pour former, a des temperatures de cuisson faibles, un corps dieMectrique density 
comprenant un melange de particules finement divis£es de: 
55 a. BaTi0 3 

b. A(Zn 1/3 Nb^)03 

c. un agent de deplacement du point de Curie choisi parmi BaZr0 3 , PbZr0 3 , BaSn0 3 , PbSn0 3 ainsi 
que leurs melanges, 
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d. un flux de borate m§taliique dope* par le manganese (F) choisi parmi les borates de zinc, dans 
lequel le rapport ZnO/B2 03 est compris entre 2/1 et 4/1, ainsi que des melanges et leurs 
precurseurs oxydes, 

la proportion de a a d £tant pratiquement Squivalente du point de vue du rapport stoechiom£trique a la 
formule: 

(lOO-X-YJtBavxPbJCn,^.^^^] + XlAfZn^Nb^Cb] + Y[F] 

dans laquelle: 

A consiste an Pb, Ba ou leurs melanges; 

X est compris entre 2,5 et 1 1 ,5% en poids; 

Y est compris entre 1 ,0 et 5,0% en poids; 

u est compris entre 0 et 0,125; 

v est compris entre 0 et 0,125; 

x est compris entre 0 et 0,1 25; et 

u + v est compris entre 0,01 5 et 0,1 25. 

2. La composition selon la revendication 1, qui contient en outre de 0,05 a 0,5% en poids d'oxyde de 
manganese sous la forme de MnCb, BaMn0 3 ou leurs precurseurs. 

3. La composition selon ia revendication 1, dans laquelle c. est un melange de PbZr0 3 et BaZr0 3 et d. 
est 3ZnO.B2 0 3 . 

4. La composition selon la revendication 3, dans laquelle jusqu'a 50 moles% de B20 3 est remplace par 
Si02, Ge02, Al 2 0 3 ou leurs melanges. 

5. Une composition dielectrique essentiellement formee de la composition selon la revendication 1 , qui a 
ete soumise a cuisson dans un courant d'air a une temperature de 1 000 a 1 150*C pour produire le 
frittage des particules et la densification du melange. 

6. La composition selon la revendication 1, dans laquelle le melange de solides finement divis^s est 
disperse* dans un milieu organique comprenant un liant polymere dissous dans un solvant organique. 

7. La composition selon la revendication 6, dans laquelle le solvant organique est un solvant non aqueux 
volatil et la dispersion est de consistance susceptible d'§tre moulee. 

8. La composition selon la revendication 7, dans laquelle le liant polymere est un melange de polymeres 
compatibles comprenant de 0 a 100% en poids de methacrylate d'alkyle en Ci a Cs, de 100 a 0% en 
poids d'acrylate d'alkyle en Ci a Cs et de 0 a 5% d'une amine ou d'un acide carboxylique a 
insaturation ethyl6nique, le multipolymere gtant en outre caracterise* en ce qu'il prSsente un poids 
moleculaire moyen en nombre (M n ) compris entre 50 000 et 100 000, un poids molSculaire moyen (M*) 
compris entre 150 000 et 350 000, le rapport My/Mn n'etant pas superieur a 5,5, la quantite totale 
d'amine ou d'acide carboxylique insature se trouvant de le melange multipolymere etant compris entre 
0,2 et 2,0% en poids, et la temperature de transition vitreuse du polymere et du plastifiant qui y est 
inclus, s'il est present, Stant de Tordre de -30 a +45*C. 

9. La composition selon ia revendication 8, dans laquelle le methacrylate d'alkyle consiste en methacryla- 
te d'ethyle et I'acrylate d'alkyle consistant en acrylate de methyle. 

10. La composition selon la revendication 8, dans laquelle I'acide carboxylique a insaturation Sthylenique 
est un acide monocarboxylique choisi dans le groupe comprenant I'acide acrylique, I'acide methacryli- 
que et leurs melanges. 

11. Un ruban vierge (green tape) dielectrique comprenant une couche de la composition selon la 
revendication 7, dont le solvant volatile a ete elimine. 

12. Un procede de formation d'un condensateur monobloc comprenant les Stapes sequentielles de (1) 
application d'une couche d'une matiere d'§lectrode conductive, dispersed dans un milieu organique, 
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dans chacune d'une multitude de couches du ruban vierge de ia revendication 11, (2) le laminage 
d'une plurality de ces rubans vierges a multicoucheS formant electrode pour obtenir un assemblage de 
couches alternSes de ruban vierge et d'electrode; et (3) la cuisson de I'ensemble resultant de Tetape 
{2) a une temperature de 1 000 a 1 1 50 * C pour eliminer le milieu organique et le liant organique qui y 
est forme* et pour produire le frittage des mate>iaux formant Pglectrode conductive et le mateViau 
dielectrique. 

1a La composition selon la revendication 1, dans laquelle le solvant organique est une solution comprenant 
une nSsine et un agent tixotrope dissous dans un solvant pr^sentant un point d'£bullition de 130 a 
350 • C et la dispersion est une pate dont la consistance convient pour I'impression a l'£cran. 

14. Un condensateur ceramique comprenant un corps ceramique dielectrique presentant une constante 
dielectrique d'au moins 8 000 et au moins deux electrodes mgtalliques espac€es en contact avec le 
corps ceramique, que consiste essentiellement en la composition selon la revendication 1 qui a subi 
une cuisson a 1 000-1 150*C pour produire la densification des solides dielectriques et le frittage des 
electrodes metalliques. 



